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(54) Rotatable electrode ring and use thereof in electrostatically assisted high-speed rotary 
application of spray coating agents 


(57) An electrode ring (3) suitable for providing elec- 
trostatic assistance to the high-speed rotary application 
of spray coatings and having electrode fingers (4) com- 


prising electrode tips (5), wherein the electrode ring (3) 
is constructed so as to be capable of performing rota- 
tional movements about the axis directed through the 
centre of the circle thereof. 


< 


CO 

0- 

LU 



FIG. 1 


Printed by Jouvc. ?600l PARIS (PA) 


PAGE 33/39 ' RCVD AT 3/15/2006 3:52:00 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-5/3 * DNIS:2738300 • CSID:3O2252OOO0 1 DURATION (mm* s):23-04 


MAR. 15. 2006 4:39PM 


3022520000 


NO. 3729 P. 34. 


EP 1 418 009 A2 


1 

Description 

Field of the Invention 

[0001] The invention relates to an electrode ring 5 
which may b© set In rotational movements and to the 
use thereof in electrostatically assisted high-speed ro- 
tary application of spray coating agents (herein after also 
called spray coatings for simplicity's sake). 

10 

Background of the Invention 

[0D02J In industrial original coating, for example in au- 
tomotive original coating, spray coatings are widely ap- 
plied by means of electrostatically assisted high-speed « 
rotary application. In high-speed rotary application, the 
spray coating supplied to the high-speed rotary bell is 
merely finely dispersed when it reaches the spray edge 
of the bell in the case of powder coatings, while it is finely 
atomized in the case of liquid coatings and in each case *° 
sprayed in the direction of the object to be coated. Elec- 
trostatic assistance of high-speed rotary application 
means that the spray misl formed from the liquid coating 
or the powder coating cloud formed from the powder 
coating is electrically charged by ion attachment in an ^ 
electric field with a high field strength and directed in this 
man nor towards the grounded object to be coaled. The 
aim of electrostatic assistance is to reduce the over- 
spray rate or to increase the efficiency of application of 
the spray coating. 30 
[0003] While, when applying non-aqueous liquid 
spray coatings, the coating droplets may be electrostat- 
ically charged directly via the high-speed rotary bell to 
which a high voltage Is applied (contact charging), iC is 
conventional in particular when applying aqueous coat- re 
ings by means of high-speed rotary application to effect 
electrostatic charging not by contact charging but in- 
stead by means of external charging, so-called "corona- 
charging. In this case, the high-speed rotary bell is 
grounded and is located in the center of an electrode *o 
ring which Is firmly fixed therearound and is connected 
therewith, for example, by screw fixing to the bell hous- 
ing, the high-voltage electrodes of which ring effect ex- 
terna) charging of the spray mist produced by the high- 
speed rotary bell. The electrode ring surrounds the high- 
speed rotary bell, which Is arranged centrally in its mid- 
dle, wherein the electrode lingers point in a circular ar- 
rangement away from the electrode ring In the direction 
of spraying. During application, the high-speed rotary 
bell rotates at high-speed, resulting in the atomi2atlon so 
of the liquid spray coating supplied thereto at the spray 
edge of the high-speed rotary bell to yield fine coating 
droplets. After leaving the high-speed rotary bell, the 
coating droplets are charged by means of the electrical 
field produced in front of the electrodes pointing in the 55 
direction of the object to be coated. During application, 
the rotating high-speed rotary bell, together with the 
electrode ring firmly fixed therearound, is guided over 


the surface of the object to be coated by means of a 
programmed automatic motion apparatus, for example, 
automated or robotic coating equipment (compare T 
Brock, European Coatings Handbook, Curt R. Vincentz 
Verlag, Hannover, 2000, page 294 to 296). 

Summary of the Invention 

[0004] Surprisingly, ii has proved possible to achieve 
more uniform coating (more homogeneous distribution 
of coating thickness, more homogeneous flow, better 
appearance) together with reduced soiling of the elec- 
trodes of the electrode ring as well as greater efficiency 
of application (less overspray), if, at variance with the 
above-stated prior art, instead of an electrode ring firmly 
fixed around the high-speed rotary bell, an electrode 
ring Is used which performs rotational movements about 
a common axis with the axis or rotation of the high-speed 
rotary bell. 

[0005] The present invention accordingly provides a 
per se conventional electrode ring, known to the person 
skilled in the art, suitable for providing electrostatic as- 
sistance to the high-speed rotary application of spray 
coatings, wherein, at variance with the prior art, the elec- 
trode ring is constructed so as to be capable of perform- 
ing rotational movements about an axis directed through 
the center of the circle thereof, in other words, the elec- 
trode ring comprises means which are suited to causing 
It to be set or to setting it in rotational movements about 
an axis directed through the center of the circle thereof, 
such that during high-speed rotary application of spray 
coating the electrode ring can rotate or oscillate in rota- 
tional manner 

[0006] The present invention also provides a process 
for coaling substrates by means of electrostatically as- 
sisted high-speed rotary application of spray coatings, 
wherein the electrode ring used for external electrostatic 
charging of the 6pray mist performs one or more differ- 
ent and successive rotational movements about the 
common axis of rotation with the high-speed rotary bell, 
for example, rotational movements, oscillatory move- 
ments or sequences thereof. 

Brief Description of the Drawing 

[0007] 

Fig. 1 shows a schematic representation of a typical 
arrangement of high-speed rotary bell (1) wfth bell 
housing (1 a), spray edge (2) and electrode ring (3) 
with electrode fingers (4) and electrode tips (5), as 
described above and according to tho prior art. 
Fig- 2 shows a schematic, partially longitudinal sec- 
tion of one embodiment of an electrode ring (3) ac- 
cording lo the Invention which is firmly connected 
with the housing of a high-speed rotary beU (1) via 
an annular ball bearing (6) arranged between the 
inside of the electrode ring and the outside of the 
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housing (1a) otthc high-speed rotary bell (1), but is 
consequently permitted to move rotationally in both 
directions of rotation (as shown by the two large ar- 
rows) around the axis of rotation of the high-speed 
rotary bell. The inside of the electrode ring (3) com- 
prises a toothed ring (7). by means of which the 
elect/ode ring (3) may be set in rotational movement 
in both directions of rotation (as shown by the iwo 
small arrows) by means of a gear transmission (9) 
drivable by means of a motor (6). When observed 
from the outside the arrangement of high -speed ro- 
tary bell (1) and electrode ring (3) according to the 
invention as 6hown In Figure 2 does not differ from 
the arrangement in Figure 1 . In this respect, Figure 
1 js not only a representation of an arrangement as 
described in the previous paragraph, but also rep- 
resents an arrangement of high-speed rotary bell 
(1 ) and electrode ring (3) in the embodiment accord- 
ing lo the invention of Figure 2. 

Detailed Description of the Embodiments 

[0008] The electrode ring (3) is not made in a single 
piece, but Instead consists of a fastening device, (here- 
inafter also referred to as fastening ring), firrnty connect- 
able with the housing of the high-speed rotary bell (1) 
Which is connected with the actual electrode ring (3) 
(hereinafter also referred to only as electrode ring for 
simplicity's sake) by means of a bearing connection. The 
bearing connection may here simultaneously perform 
the function of th© fastening device or may be Hie fas- 
tening device or a part thereof. The bearing connection 
may, for example .consist of a ball bearing, a roller bear- 
ing, a plain bearing or an air bearing. 
[0009] The fastening ring may be connected in any 
desired firmly fixed manner with the housing (1a) of the 
high-speed rotary bell, for example, by screw fastening, 
clamping (flange joint) or by seating the fastening ring 
in the bell housing. The fastening ring is fastened In such 
a manner that the electrode ring (3) and high-speed ro- 
tary bell (t) assume the conventional arrangement as 
in the prior art described above, namely, aligned In such 
a mannerthat the electrode ring (3) surrounds the high- 
speed rotary bell (t ) located in the center thereof in an- 
nular manner, wherein the high-speed rotary bell (1 ) and 
electrode fingers (4) of the electrode ring point in the 
same direction, namely towards a substrate to be spray 
coated. 

[0010] The structure of the actual electrode ring (3) is 
in principle no different from that of conventional elec- 
trode rings known to the person skilled in the art. It has 
two or more, for example 3 to 8, preferably 4 to 6, elec- 
trode fingers (4) uniformly spaced apart in a circle, to 
the tips (5) of which electrodes, which are directed in the 
spraying direction, can be applied a high voltage. Elec- 
trical contacting of the electrode tips (5) may In particular 
be achieved, for example, via a direct sliding contact, 
for example, in the form of a sheet of spring steel in or 


on the actual electrode ring (3), wherein the sliding con- 
tact is in connection with a stationary sliding surface, to 
which the required high voltage is applied. The station- 
ary sliding surface may, for example, be a component 

5 of the fastening ring. 

[0011] With the exception of the electrode tips (5), the 
electrode ring (3) is an electrical insulator. The electrode 
ring (3) or the outer surface thereof generally consists 
of plastic. As with conventional prior art electrode rings, 

10 the Internal diameter of the electrode ring is adapted to 
conventional high-speed rotary belJs and is, for exam- 
ple, approximately 100 to 150 mm, white the external 
diameter thereof measured at the electrode tips (5) is, 
for example* approximately 250 to 300 mm. The elec- 
ts trode fingers (4) are for example 200 to 250 mm in 
length, form an angle of for example 10 to 20° relative 
to the axis of rotation of the electrode ring (3) and point 
in the direction of the object to be spray coated. 
[Q012] The above-described bearing connection per- 
mits the electrode ring (3) to perform rotational move- 
ments about the axis passing through the center cf the 
circle thereof. By means of a suitable drive, the elec- 
trode ring (3) can be set in rotational movements about 
the axis passing through tho center of the circle thereof 

55 and, during high-speed rotary application of spray coat- 
ing, perform rotational movements about the common 
axis of rotation with the highspeed rotary bell, i.e., either 
rotation or oscillatory rotational movements in each 
case around the rotating high-speed rotary bell. 

30 [0013] An example of types of drives with which the 
actual electrode ring (3) may be set in relational move- 
ments about the axis passing through the center of the 
circle thereof is a mechanical drive, for example, by 
means of an electric motor or a pneumaticaDy driven 

as motor (for example a pneumatically controlled turbine 
with driving and braking air) via a drive belt, for example, 
toothed belt or a transmission, for example, a geartrans- 
mission. The drive means may here be components of 
the electrode ring and/or separate components. 

40 [0014] When the electrode ring (3) rotates, the direc- 
tion of rotation may be the same as or contrary to the 
direction of rotation of the high-speed rotary bell (1) and 
the rotational speed of the electrode ring during coating 
application is, for example, 10 to 100, preferably 15 to 

45 75 revolutions per minute, wherein the rotational speed 
may preferably be modified steplessly, for example, 
adapted to the particular nature of the substrale to be 
coated. The direction of rotation of the electrode ring (3) 
during the coating operation may here remain un- 

50 changed or may alternate, for example, be alternated 
repeatedly. 

[0015] in the case of oscillating rotational movements 
of the electrode ring (3), rotational movements periodi- 
cally alternating in direction of rotation are performed, 
55 for example, with a frequency of alternation in the range 
from 0.5 to 2 Hz, wherein the individual rotational move- 
ments of the electrode ring (3) correspond to a deflection 
of the electrode ring (3) in the range of. for example, 
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only 45 to 90° • In the case of oscillating rotational move- 
ments, the electrode ring (3) accordingly performs no 
complete rotations. 

[0016] During high-speed rotational coatingof an ob- 
ject, rotation and oscillating rotational movement of the 
electrode ring (3) may also alternate In any desired se- 
quence overtime, for example, also alternate repeated- 
ly In succession. It may, for example, be convenient 
when coating large and simple areas of the surface (no 
or only slight curvatures with an up to infinite radius of 
curvature per unit of area) of an object to operate with 
a rotating electrode ring (3) and, when coating surface 
areas of complex topography (many anchor pronounced 
curvature with a small radius of curvature, corners, 
beads, edges per unit of area), to operate with an oscil- 
lating electrode ring (3). 

[□017] In the process according to the invention, it Is 
possible to use conventional high-speed rotary bells, 
known to the person skilled in the art, wilh spray edge 
diameters in the range of, for example, 40 to 70 mm and 
to operate them under conventional operating parame- 
ters. For example, rotational speeds of Lhe bell are from 
1 0,000 to 70,000 revolutions per min ute, the shaping air 
throughput 60 to 1000 litres per minute and the coating 
flow rate 30 to 1200 ml per minute (for liquid spray coat- 
ings) or 50 to 300 g per minute (for powdsr spray coal- 
ings). The high voltage applied to the electrode tips (5) 
is also in the usual range of, for example, 40 to 1 00 kV. 
[0018] Using the process according to the invention 
for the high-speed rotary application of powder or pref- 
erably liquid spray coatings, for example, spray coalings 
based on organic solvents or fn particular aqueous 
spray coatings , it is possible to apply any conventional 
powder or liquid spray coatings known to the person 
skilled in the art and suitable for high-speed rotary ap- 
plication. 

[0019] When using identical spray coatings, an iden- 
tical high-speed rotary bed operated under likewise 
identical operating conditions and an identical electrode 
ring likewise operated under identical operating condi- 
tions but additionally performing rotational movements 
about the common axis of rotation with the high-speed 
rotary bell, the process according to the invention yields 
more uniform coating results with reduced electrode 
soiling. In comparison with the prior art process wfth a 
firmly fixed electrode ring which does not perform rota- 
tional movements, depending upon the coating task and 
object, improvements in the efficiency of application in 
the range of 0 to 1 0% in absolute terms (3 to 1 0 abso- 
lute-% less overepray) are, for example, achieved. 
[0020] It is assumed thetthe rotation or the oscillating 
rotational movements of the electrode ling (3> apply a 
more homogeneous electrical field to the coating spray 
mist or powder coaling spray cloud to be charged and, 
as a consequence, it is possible to achieve the advan- 
tageous effects In comparison with the prior art process. 
[0021] The process according to the invention is in 
particular suitable for the original spray coating of indus- 


6 

trialiy mass produced goods, such as for example auto- 
motive bodies and body parts. Spray application here 
generally proceeds with two or more high-speed rotary 
bells simultaneously, each being provided with an elec- 
ts trode ring according to the Invention which is also driven 
according to the invention , which high-speed rotary bells 
are guided individually or also jointly as a group of two 
or more application devices over the surface of the ob- 
ject to be coated, in each case by means of an automatic 
device. 

EXAMPLES 

Example 1, according to the Invention 

[0022] A 1 m by 1 m steet test panel coated with a 
cataphoretic primer, surfacer and flashed-off water- 
borne base coat was spray coated in a vertical position 
with a conventional commercial two-component poly- 
urethane dear coat to a dry film thickness of 35 and, 
after flashing off for 5 minutes at 20°C, was baked for 
30 minutes at 130°C (object temperature). 
[0023] The clear coat was applied by electrostatically 
assisted high-speed rotary application using the device 
shown in Fig. 1 , wherein an electrode ring (3) was used 
which was rotatable about the common axis of the rotary 
bell and rotated with the high-speed rotary bell In the 
same direction as the rotary bell at 20 revolutions per 
minute during application of the clear coat. 
[0024] The coating parameters were: 

Flow rate of coating 250 ml/min, 
Shaping air throughput 300 l/min, 
Rotational speed of bell, 40000 revolutions per 
minute, 

High voltage 90 kV. 

[0025] Flow of the dear coat surface was determined 
by measuring its long and short wave waviness using a 
BYK-Gardner WavenScan instrument: 

Long wave 12, 
Short wave 4. 

Example 2. comparative example 

[0026] The same method was used as in Example 1 
with the sole exception that, during application of the 
clear coat, the electrode ring remained firmly fixed 
around the high-speed rotary bell. 
[0027] Row of the clear coat surface was measured 
as in Example 1 : 

Long wave 18, 
Short wave 7. 

[0028] The flow achieved in Example 1 using the ro- 
tating electrodes provided improved flow of the clear 
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coating as measured by wave scan in comparison to thg 
prior art device of Example 2 in which the electrodes 
remained fixed during application of the clear coating. 


Claims 

1 . An electrode ring suitable for providing electrostatic 
assistance to the high-speed rotary coaling device 
comprising a high-speed rotary bell for the applies- 10 
tion of spray coatings and having electrode fingers 
connected thereto comprising electrode tips, . 
wherein the electrode ring is constructed so as to 
be capable of performing rotational movements 
about the axis ot rotation of the rotary bell directed is 
through the center of the circle of the electrode ring. 

2. The electrode ring of claim 1 , wherein me electrode 
ring is connedable lo the housing of ihe rotary bell 

of ihe high-speed rotary coating device with a fas- 20 
tening device by means. of a bearing connection. 

3. The electrode ring of claim 2 S wherein the fastening 
device may be connected In firmly fixed manner 
with the housing or the high-6peed rotary bell such 2$ 
that the electrode ring surrounds the high-speed ro- 
tary bell located in the center thereof in annular 
manner, wherein the high-speed rotary bolt and 
electrode fingers of the electrode ring point in the 
same direction. 30 


009 A2 8 

7. The process of claim 6, wherein the rotational 
movements of the electrode ring comprise rotation- 
al movements selected from the group consisting 
of rotation at 10 to 100 revolutions per minute, os- 
cillating rotational movement with a frequency of al- 
ternation of 0.5 to 2 Hz and sequences of such ro- 
tations and oscillating rotational movements. 

8. The process of claim 6 or 7, wherein the substrates 
comprise industrially mass produced goods, 

9. Substrates spray coated by a process of any one of 
claims 6 to 8. 


4. The electrode ring of any one of claims 1 to 3, 
wherein the electrode ring comprises a sliding con- 
tact for the purpose of electrical contacting of the 
electrode tips. 35 

5. An electrostatic coating device comprising a high- 
speed rotary bell having a central axis of rotation 
and having an electrode ring positioned around the 
central axis of the bell and connected to the housing 
of the bell with a fastening device and capable of 
performing rotational movements around the cen- 
tral axis of rotation of the bell and said electrode ring 
having electrode fingers attached thereto compris- 
ing electrode tips. 45 


6. A process for coating substrates by means of elec- 
trostatically assisted high-speed rotary application 
of spray coatings using a high-speed rotary coating 
device comprising a high-speed rotary bell, wherein 50 
the coatings are selected from the group consisting 
of powder coatings and liquid coatings, wherein an 
electrodG ring is roiatably positioned around the 
high-speed rotary bell and used for external elec- 
trostatic charging of the spray mist and performs ro- ss 
tational movements about the common axis of ro- 
tation with the high-speed rotary bell. 


5 

PAGE 37/39 • RCVD AT 3/1 5/2006 3:52:00 PM [Eastern Standard Time] ■ SVR:USPTO-EFXRF-5/3 1 DNIS:2738300 * CSID:3022520000 ■ DURATION (mm-ss):23-04 


MAR. 15. 2006 4:43PM 3022520000 

Ef> 1 418 009 A2 


NO. 3729 P. 38. 



6 


PAGE 38/39 ' RCVD AT 3/15/2006 3:52:00 PM [Eastern Standard Time] * SVR:USPTO€FXRF-5/3 » DNIS:2738300 • CSID:3022520000 « DURATION (mm-ss):23-04 


MAR. 15. 2006 4:43PM 3022520000 

EP 1418 009 A2 


NO. 3729 P. 39 



7 


PAGE 39/39 • RCVD AT 3115/2006 3:52:00 PM [Eastern Standard Time) * SVR:USPTO-EFXRF-5/3 * DNIS:2738300 * CSID:3022520000 * DURATION (mm-ss):23-04 


This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 


Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 
□^SKEWED/SLANTED IMAGES 


|ja-fcINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


BEST AVAILABLE IMAGES 



COLOR OR BLACK AND WHITE PHOTOGRAPHS 


□ GRAY SCALE DOCUMENTS 



